Lung cancer is one of the most common cancers and is associated with a poor survival rate in the Chinese Han population. Analysis of genetic variants could lead to improvements in prognosis following lung cancer treatment. Resistin (RETN) is an important mediator of metabolic diseases and tumor progression. In this study, we explored the effects of RETN single nucleotide polymorphisms (SNPs) on the susceptibility and clinicopathological characteristics of patients with lung cancer. Four RETN SNPs (rs7408174, rs1862513, rs3745367, and rs3219175) were analyzed using TaqMan SNP genotyping in 371 patients with lung cancer and 451 cancer-free controls. The results showed that the RETN SNP rs3219175 with AG or at least 1 A allele was associated with a higher risk of lung cancer than wild-type (GG) carriers. Moreover, the RETN SNP rs3219175 with AG or AG + AA alleles was associated with a higher risk of distant metastasis than that in patients carrying GG alleles. We also used genotype-tissue expression datasets to compare the correlation of the RETN SNP rs3219175 in lung tissue and whole blood. In conclusion, our study demonstrated, for the first time, that RETN polymorphisms were correlated with lung cancer progression in the Chinese Han population.
Introduction
Lung cancer is one of the most common types of cancer worldwide and is associated with a poor 5-year relative survival rate. [1] The specific mechanisms underlying lung cancer development and progression are still unclear. Although cigarette smoking and alcohol consumption are known to directly induce lung cancer, various other environmental risks, such as exposure to secondhand smoke, air pollution, and genetic susceptibility, are also involved in the development of lung cancer. [2] Indeed, multiple genetic and epigenetic changes have been shown to be associated with lung cancer development. [3] Increased understanding of genetic mechanisms, including heterogeneity and DNA genotyping, is required to improve our ability to predict prognosis of lung cancer. [4] Therefore, exploration of genetic aberrations is necessary for lung cancer prognosis and risk prediction.
Resistin (RETN) is a 12.5-kDa cysteine-rich protein that is constitutively secreted by adipose tissue. [5] RETN has been reported to have function in inflammation and immune responses and to act as a pro-inflammatory mediator. [6] The RETN gene, encoding RETN, is localized on chromosome 9, and several single nucleotide polymorphisms (SNPs) have been identified in the RETN promoter and 3 0 -untranslated regions. [7] Several reports have connected genetic variants in RETN with the risk of various diseases, such as diabetes and colorectal cancer. [8, 9] A functional RETN gene polymorphism at -420 (rs186513) has been shown to increase susceptibility to type 2 diabetes. [10] Another previous study evaluated a functional RETN gene polymorphism, rs3219175, but showed that this SNP was not associated with endometrial cancer. [11] Despite these studies, the correlation between RETN gene polymorphisms and lung cancer prognosis remains unclear.
Accordingly, in this report, we performed a case-control study to evaluate 4 SNPs in the RETN gene in patients with lung cancer. lung cancer, 56 squamous cell carcinoma, and 36 other types of lung cancer patients, at Dongyang People's Hospital as the case group from 2014 to 2016. For the control group, 451 health participants without any history of cancer were enrolled. All patients and participants provided written informed consent, and this study was approved by the Ethics Committee of Dongyang People's Hospital. The pathological stages of lung cancer in all patients were determined according to their medical records and the Revised International System for Staging Lung Cancer. A standardized questionnaire and electronic medical record system were used to acquire data on age, sex, smoking history, and alcohol consumption.
Selection of RETN polymorphisms
Three RETN SNPs were selected from a 2-kb region upstream of RETN (rs7408174, rs1862513, and rs3219175), and 1 (rs3745367) was selected from the intron of RETN; all SNPs had minor allele frequencies of greater than 5%. Most RETN SNPs were known to be associated with type 2 diabetes mellitus or breast cancer. [12, 13] 2.3. Genomic DNA extraction Genomic DNA was extracted from peripheral blood leukocytes using a QIAamp DNA blood kit (Qiagen, CA) according to the manufacturer's instructions. Extracted DNA was stored at À20°C and prepared for genotyping by polymerase chain reaction (PCR). 
Genotyping by real-time PCR

Statistical analysis
Differences between the 2 groups were considered significant if P values were less than .05. Hardy-Weinberg equilibrium (HWE) was assessed using Chi-square goodness-of-fit tests for biallelic markers. Mann-Whitney U-tests and Fisher exact tests were used to compare differences in demographic characteristics between healthy controls and patients with lung cancer. The odds ratios (ORs) and 95% confidence intervals (CIs) for associations between genotype frequencies and the risk of lung cancer or clinicopathological characteristics were estimated by multiple logistic regression models, after controlling for other covariates. All data were analyzed using Statistical Analytic System software (v. 9.1, 2005; SAS Institute, Cary, NC).
Results
In this study, we evaluated differences in the general demographic characteristics of 371 patients with lung cancer and 451 cancerfree controls. All patients and participants were Chinese Han individuals (Table 1) . There were no differences in age, cigarette smoking, alcohol consumption (all P < .001), and sex (P = .537). According to the American Joint Committee on Cancer (AJCC) TNM staging system, our results showed that 261 patients with lung cancer had clinical stage I + II (70.4%), and 110 patients had clinical stage III + IV (29.6%). The patients of lung cancers were divided into various subgroups, including nonsmall-cell lung cancer (NSCLC), small-cell lung cancer (SCLC), adenocarcinoma, squamous-cell carcinoma, and other carcinoma.
To evaluate whether the 4 RETN SNPs (rs7408174, rs1862513, rs3219175, and rs3745367) were associated with the risk of lung cancer, we genotyped controls and patients. Genotyping distributions and associations between lung cancer and RETN gene polymorphisms are illustrated in Table 2 . The alleles with the highest distribution frequency at RETN rs3745367, rs7408174, rs1862513, and rs3219175 in both patients with lung cancer and control individuals were heterozygous A/G, homozygous T/T, heterozygous C/G, and homozygous G/G, respectively. Individuals carrying AG and AG + AA at rs3219175 had a 1.372-fold (95% CI: 0.533-0.961, P < .05) and 1.333-fold (95% CI: 1.010-1.761, P < .05) higher (Table 3) . However, no significant differences were observed between RETN rs3219175 genotypes and clinicopathlogical status (data were not shown). The distribution frequency of clinical status in the NSCLC and SCLC is summarized in Table 4 . A significant correlation between subgroup lung cancers (NSCLC vs SCLC) and clinical stage (OR: The ORs and with their 95% CIs were estimated by logistic regression models. CI = confidence interval, OR = odds ratio, RETN, resistin. * P < .05 as statistically significant.
Table 3
Odds ratio (OR) and 95% confidence interval (CI) of clinical status and RETN rs3219175 genotypic frequencies in 371 lung cancer patients. (Table 5) . However, there was no significant difference between the lung adenocarcinoma and squamous cell carcinoma with polymorphisms of the resistin genotypes (data were not shown).
For the indicated correlations, we continued to employ Genotype-Tissue Expression (GTEx) datasets to further evaluate the association between rs3219175 and RETN expression. A significant alteration in RETN expression was observed in lung tissues and whole blood of patients with the polymorphic allele of RETN rs3219175 in the GTEx database. We observed that the heterozygous genotypes at rs3219175 were positively associated with RETN expression, compared with the wild-type homozygous genotypes (P < .05; Fig. 1A , B) (GTEx dataset # ENSG00000104918.4). These data suggested that the expression and function of RETN in response to genetic polymorphisms may affect lung cancer progression.
Discussion
Lung cancer is one of the most malignant cancers reported to date and is associated with severe morbidities and high mortality rates worldwide. Neither traditional chemotherapy nor molecular targeted therapy is efficacious in the clinical treatment of lung cancer. [14] It is imperative that increasing genetic studies and signaling mechanisms might help to clarify a proper strategy for lung cancer treatment. In this present study, we found that RETN gene polymorphisms were associated with a higher susceptibility to lung cancer. Indeed, our results showed that the ratios of cigarette smokers/nonsmokers in controls (90.5:9.5) and patients with lung cancer (60.4:39.6) were relatively normal, similar to the ratios of alcohol consumption/no alcohol consumption in controls and patients. Our findings showed that in the Chinese Han population, smoking and alcohol consumption were related to the risk of developing lung cancer.
RETN is an adipokine that is associated with obesity, inflammation, and various cancers. A recent study has reported Table 5 Association of RETN rs3219175 genotypic frequencies with laboratory status in NSCLC patients. The OR with analyzed by their 95% confidence interval CI were estimated by logistic regression models. CI = confidence interval, NSCLC = nonsmall-cell lung cancer, OR = odds ratio, RETN, resistin. * P < .05 as statistically significant. The odds ratio (OR) analyzed by their 95% confidence interval (CI) were estimated by logistic regression models. CI = confidence interval, NSCLC = nonsmall-cell lung cancer, OR = odds ratio, SCLC = small-cell lung cancer. * P < .05 as statistically significant.
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Medicine that resistin level was found to be higher in the lung cancer (NSCLC) patients and associated with cancer cachexia. [15] Accumulating evidence has shown that the RETN gene often shows genetic or epigenetic alterations. Moreover, genetic polymorphisms in RETN have been identified in colorectal, colon, and breast cancers. [13, 16, 17] A recent SNP study demonstrated that RETN SNPs in the promoter region of the gene were negatively associated with DNA methylation in patients with type 2 diabetes. [18] In the present study, we showed, for the first time, that 1 of 4 RETN gene polymorphisms was associated with a high incidence of lung cancer. Indeed, our results indicated that AG or AG + AA at rs3219175 was significantly correlated with an increased lung cancer risk after 4 RETN polymorphisms genotyping in case-control subjects. In contrast, RETN polymorphisms at rs7408174, rs1862513, and rs3745367 were not significantly related to the risk of lung cancer compared with that in controls. Importantly, a previous study showed that this RETN SNP (rs3219175) positively affected the response to interferon-based anti-hepatitis C virus therapy. [19] Thus, our results may provide insights into the development of targeted therapy for lung cancer in patients with this specific SNP.
In epigenetic DNA methylation, variant polymorphisms in the promoter region could regulate gene expression and impact the risk of lung cancer. [20] The rs3219175 polymorphism is located in the promoter region and may regulate RETN gene expression. However, the reconstructed linkage disequilibrium plot of the 4 RETN SNPs showed that rs3219175 had low linkage disequilibrium with rs1862513 (data was not shown). In addition, our results demonstrated that patients with lung cancer carrying at least 1 A allele at rs3219175 were at a higher risk of tumor metastasis. A previous study revealed that the presence of the polymorphic allele of RETN rs3219175 was associated with dramatic effects on plasma resistin in patients with type 2 diabetes. [10] Another previous report had showed that rs3219175 SNPs were significant associated with log-resistin levels in Malaysian Malays. [21] In this study, we did not perform a detailed functional analysis between rs3219175 SNPs and resistin levels in Chinese Han populations, though it required to be further studied in the future. The issue of how these SNPs affect resistin gene expression in lung cancer cells is required to be further clarified. Thus, further studies are also needed to assess the correlations between RETN polymorphisms and lung cancer progression.
Although our present results showed that smoking and alcohol consumption were the risk factors for lung cancer (Table 1 , P < .001), we failed to find a significant association after controlling for smoking and alcohol consumption in the Chinese Han population (data were not shown) because of poor records of smoking and alcohol consumption in these patients. In addition, some patient survival data were unavailable because patients had just recently enrolled in the study. Further studies are needed using larger populations of patients to confirm the role of RETN polymorphisms in lung cancer progression. Furthermore, the functional role of RETN in metastasis in patients with lung cancer should also be evaluated.
Taken together, our results demonstrated the association between 1 RETN gene variant and risk of lung cancer and found that RETN rs3219175 was significantly associated with tumor distant metastasis in the Chinese Han population. This study is the first to report a correlation between RETN polymorphisms and lung cancer risk. Thus, RETN could be developed as a genetic prognostic marker for lung cancer therapy.
